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Introduction	
	Pressure	injuries	are	localized	areas	of	tissue	damage	or	necrosis	that	develop	because	of	pressure	over	a	bony	prominence.16	Historically	pressure	injuries	have	also	been	referred	to	as	pressure	sores,	bedsores,	and	decubitus	ulcers.16,17	The	use	of	the	term	“pressure	injury”	is	an	attempt	to	move	away	from	the	use	of	the	word	“ulcers”	because	pressure	injuries	do	not	always	present	as	open	ulcers	or	sores.22	The	importance	of	adequate	energy	and	protein	supplementation	to	promote	the	healing	of	wounds,	such	as	pressure	injuries,	has	been	well	established,	however	the	role	of	micronutrients,	specifically	the	amino	acids	arginine	and	glutamine,	the	metabolite	HMB,	vitamins	A	and	C,	and	the	mineral	zinc,	is	less	clear.	In	the	meantime,	the	nutrition	supplement	industry	has	promoted	several	products	that	claim	to	assist	wound	healing	through	supplementation	of	these	micronutrients.	Many	studies	have	since	reached	different	conclusions	on	individual	and	combination	supplementation	to	improve	the	healing	of	pressure	injuries.			
Prevalence			According	to	the	Agency	for	Healthcare	Research	and	Quality,	more	than	2.5	million	individuals	in	the	United	States	develop	pressure	injuries	every	year.	A	study	by	Bauer	et	al.	analyzed	the	US	Nationwide	Inpatient	Sample	database	and	found	that	the	5-year	average	(between	2008	and	2012)	for	number	of	patients	admitted	to	the	hospital	with	at	least	one	pressure	injury	was	670,767,	an	overall	rate	of	1.8%	of	admissions.	This	number	does	not	include	patients	who	developed	pressure	injuries	in	the	hospital	setting	or	reside	in	long-term	care	facilities.	Of	patients	in	long-term	care	and	rehabilitation	facilities,	23%	percent	have	at	least	one	pressure	injury.5			Older	adults	are	at	an	increased	risk	for	developing	pressure	injuries	and	the	rate	of	patients	with	pressure	injuries	increases	with	age.	The	mean	overall	age	of	patients	with	pressure	injuries	is	71.2	+	16.8	years.5	In	the	data	analyzed	from	the	US	Nationwide	Inpatient	Sample	database,	African	Americans	had	a	significantly	higher	rate	of	pressure	injuries	compared	to	other	races	(2.4%	P<.05).5	The	higher	rate	in	the	African	American	population	has	been	attributed	in	part	to	variability	in	access	to	treatment	in	minority	populations.	Other	risk	factors	identified	with	high	association	with	pressure	injury	development	were	malnutrition,	hypotension,	peripheral	vascular	disease,	incontinence,	diabetes	and	bone	fractures.5,11,22	Poor	nutritional	status	including	unintentional	weight	loss,	under-nutrition,	protein-energy	malnutrition	and	dehydration	all	contribute	to	increased	risk	of	developing	pressure	injuries.5,11			
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Pathogenesis		
	The	pathogenesis	of	pressure	injuries	is	multifactorial	and	often	involves	a	constellation	of	deficiencies.	The	most	common	factors	include	decreased	sensation	and	mobility,	increased	friction	and	shear,	increased	age,	moisture	and	compromised	nutrition.16,17,28	Other	factors	more	common	in	critically	ill	patients	include	prolonged	length	of	stay	in	an	ICU,	use	of	vasopressors,	on-going	infection,	diabetes	mellitus	and	cardiovascular	or	vascular	disease.10	Decreased	sensation	can	contribute	to	the	formation	of	a	pressure	injury	because	the	individual	may	not	notice	a	wound	developing	or	feel	the	pain	of	skin	over	a	bony	prominence.	Shear	is	the	mechanical	force	that	acts	on	an	area	of	skin	in	a	direction	parallel	to	the	body’s	surface.16	Shear	is	affected	by	the	amount	of	pressure	exerted,	the	coefficient	of	friction	between	the	materials	contacting	each	other,	and	the	extent	to	which	the	body	makes	contact	with	the	support	surface	(area).16	Shear	will	often	not	be	seen	at	the	level	of	the	skin	because	it	happens	in	the	deeper	tissue.	Friction	is	the	mechanical	force	exerted	when	skin	is	dragged	across	a	surface,	such	as	bed	linens,	and	is	often	seen	at	the	skin	level.15	Because	the	integrity	of	skin	is	broken	down	as	individuals	age,	older	adults	have	a	higher	risk	of	developing	pressure	injuries	with	the	same	amount	of	shear	and	friction	as	a	younger	adult.16,17,28	Moisture	also	impacts	the	integrity	of	skin	and	can	increase	bacterial	contamination,	impairing	wound	healing.28			Increasingly,	an	individual’s	nutritional	status	has	been	identified	as	having	a	significant	impact	on	the	development	and	healing	of	pressure	injuries.10,22,24,25,27	Malnutrition	is	defined	as	a	condition	in	which	an	imbalance	of	energy,	protein,	and	other	nutrients	leads	to	adverse	effects	on	tissue	and	body	structures.	Malnutrition	has	a	negative	effect	on	wound	healing	through	exacerbation	of	the	inflammatory	response	to	an	injury	or	wound,	decreased	fibroblast	and	collagen	proliferation,	decreased	angiogenesis	and	increased	infection	due	to	decreased	T-cell	function	and	phagocytic	activity.10,27	Malnutrition	refers	to	energy	and	protein	imbalance,	however,	the	role	of	micronutrient	deficiencies,	particularly	certain	amino	acids,	vitamins	and	minerals,	has	not	been	well	studied	until	the	past	decade.			
Impacts	of	Pressure	Injuries			Pressure	injuries	can	have	a	significant	impact	on	the	body,	from	increased	pain,	risk	of	infection,	sepsis,	deconditioning	and	death.	They	can	increase	risk	of	hospital	admission	and	length	of	stay	after	admission.27	The	odds	of	mortality	during	a	stay	in	the	hospital	is	2.8	times	higher	if	the	patient	has	a	pressure	injury.5			
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Pressure	injuries	as	a	primary	or	secondary	diagnosis,	cost	$9.1-11.6	billion	per	year	in	the	United	States.5,22	The	cost	of	individual	patient	care	ranges	from	$20,900	to	$151,700	per	pressure	injury	depending	on	the	severity	of	the	injury.22	Medicare	estimated	in	2007	that	each	pressure	injury	added	on	average	$43,180	in	costs	to	a	hospital	stay.5,28	In	response	to	this,	the	Center	for	Medicare	and	Medicaid	Services	changed	their	policy	to	withhold	reimbursements	to	hospitals	for	costs	of	conditions,	including	pressure	injuries,	acquired	during	the	patients	stay.28	And	the	high	cost	of	pressure	injuries	extends	overseas	to	other	types	of	health	care	systems.	The	National	Health	Service	in	the	UK	estimates	that	annual	cost	of	pressure	injury	care	is	around	4%	of	its	total	expenditure.3	The	national	health	system	of	the	Netherlands	estimates	the	cost	to	be	around	1.2-6.6%	of	its	annual	cost.3		Lawsuits	have	resulted	in	payouts	of	greater	than	$10	million	for	elder	abuse	where	pressure	injuries	were	used	as	evidence	and	more	than	17,000	lawsuits	are	directly	related	to	pressure	injuries	each	year.5,28			
Pathophysiology	
	Pressure	injuries	are	created	when	blood	flow	to	a	particular	area	is	impaired	due	to	increased	pressure	leading	to	tissue	damage.	Pressure	injuries	are	rated	on	a	scale	according	to	color,	loss	of	skin	thickness,	depth,	and	exudate,	and	are	classified	based	on	the	type	of	tissue	loss	that	can	be	visualized	or	directly	palpated.16,17,22	These	stages,	however,	do	not	imply	a	linear	progression	of	injury.			The	National	Pressure	Ulcer	Advisory	Panel	redefined	in	2016	the	stages	of	pressure	injuries	as	follows:22		
Stage	1	Pressure	Injury:	Non-blanchable	erythema	of	intact	skin	Intact	skin	with	a	localized	area	of	non-blanchable	erythema,	which	may	appear	differently	in	darkly	pigmented	skin.	Presence	of	blanchable	erythema	or	changes	in	sensation,	temperature,	or	firmness	may	precede	visual	changes.	Color	changes	do	not	include	purple	or	maroon	discoloration;	these	may	indicate	deep	tissue	pressure	injury.	
Stage	2	Pressure	Injury:	Partial-thickness	skin	loss	with	exposed	dermis	Partial-thickness	loss	of	skin	with	exposed	dermis.	The	wound	bed	is	viable,	pink	or	red,	moist,	and	may	also	present	as	an	intact	or	ruptured	serum-filled	blister.	Adipose	(fat)	is	not	visible	and	deeper	tissues	are	not	visible.	Granulation	tissue,	slough	and	eschar	are	not	present.	These	injuries	commonly	result	from	adverse	microclimate	and	shear	in	the	skin	over	the	pelvis	and	shear	in	the	heel.		This	stage	should	not	be	used	to	describe	moisture-associated	skin	damage	(MASD)	including	incontinence-associated	dermatitis	(IAD),	intertriginous	dermatitis	(ITD),	medical	
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adhesive	related	skin	injury	(MARSI),	or	traumatic	wounds	(skin	tears,	burns,	abrasions).	
Stage	3	Pressure	Injury:	Full-thickness	skin	loss	Full-thickness	loss	of	skin,	in	which	adipose	(fat)	is	visible	in	the	ulcer	and	granulation	tissue	and	epibole	(rolled	wound	edges)	are	often	present.	Slough	and/or	eschar	may	be	visible.	The	depth	of	tissue	damage	varies	by	anatomical	location;	areas	of	significant	adiposity	can	develop	deep	wounds.		Undermining	and	tunneling	may	occur.	Fascia,	muscle,	tendon,	ligament,	cartilage	and/or	bone	are	not	exposed.	If	slough	or	eschar	obscures	the	extent	of	tissue	loss	this	is	an	Unstageable	Pressure	Injury.	
Stage	4	Pressure	Injury:	Full-thickness	skin	and	tissue	loss	Full-thickness	skin	and	tissue	loss	with	exposed	or	directly	palpable	fascia,	muscle,	tendon,	ligament,	cartilage	or	bone	in	the	ulcer.	Slough	and/or	eschar	may	be	visible.	Epibole	(rolled	edges),	undermining	and/or	tunneling	often	occur.	Depth	varies	by	anatomical	location.	If	slough	or	eschar	obscures	the	extent	of	tissue	loss	this	is	an	Unstageable	Pressure	Injury.	
Unstageable	Pressure	Injury:	Obscured	full-thickness	skin	and	tissue	loss	Full-thickness	skin	and	tissue	loss	in	which	the	extent	of	tissue	damage	within	the	ulcer	cannot	be	confirmed	because	it	is	obscured	by	slough	or	eschar.		If	slough	or	eschar	is	removed,	a	Stage	3	or	Stage	4	pressure	injury	will	be	revealed.	Stable	eschar	(i.e.	dry,	adherent,	intact	without	erythema	or	fluctuance)	on	the	heel	or	ischemic	limb	should	not	be	softened	or	removed.	
Deep	Tissue	Pressure	Injury:	Persistent	non-blanchable	deep	red,	maroon	or	
purple	discoloration	Intact	or	non-intact	skin	with	localized	area	of	persistent	non-blanchable	deep	red,	maroon,	purple	discoloration	or	epidermal	separation	revealing	a	dark	wound	bed	or	blood-filled	blister.	Pain	and	temperature	changes	often	precede	skin	color	changes.	Discoloration	may	appear	differently	in	darkly	pigmented	skin.		This	injury	results	from	intense	and/or	prolonged	pressure	and	shear	forces	at	the	bone-muscle	interface.		The	wound	may	evolve	rapidly	to	reveal	the	actual	extent	of	tissue	injury,	or	may	resolve	without	tissue	loss.	If	necrotic	tissue,	subcutaneous	tissue,	granulation	tissue,	fascia,	muscle	or	other	underlying	structures	are	visible,	this	indicates	a	full	thickness	pressure	injury	(Unstageable,	Stage	3	or	Stage	4).	Do	not	use	DTPI	to	describe	vascular,	traumatic,	neuropathic,	or	dermatologic	conditions.		
Wound	Healing	
	In	order	to	appreciate	the	importance	of	nutrition	in	wound	healing	process,	an	understanding	of	the	normal	process	of	wound	healing	must	be	established.	Wound	healing	occurs	in	three	distinct	phases:	inflammation,	proliferation	and	maturation/remodeling.	1		Inflammation	occurs	immediately	after	the	initial	injury	with	hemostasis	(clot	formation).1	Clots	are	composed	of	collagen,	platelets,	thrombin	and	fibronectin.	
	 6	
This	mix	of	substances	causes	the	release	of	cytokines	and	growth	factors	that	in	turn	attract	neutrophils	to	the	wound,	triggering	the	inflammatory	response.1,25	24-48	hours	after	the	initial	injury	neutrophils	clear	the	area	of	bacteria	and	cellular	debris.	48-96	hours	after	injury,	macrophages	(derived	from	monocytes)	release	enzymes	like	collagenases,	and	other	cytokines.25	Cytokines	tumor	necrosis	factor	alpha	(TNF-alpha)	and	interleukins	stimulate	fibroblasts	and	increase	angiogenesis,	while	transforming	growth	factor	beta	(TGF-beta)	stimulates	keratinocytes.25	Other	growth	factors	contribute	to	the	formation	of	an	immature	connective	tissue	matrix.	Additionally,	macrophages	synthesize	nitric	oxide,	which	increase	vascular	permeability	to	the	area	through	increased	vasodilation.	1,10,25		The	proliferative	phase,	which	usually	occurs	96	hours	after	injury,	includes	increased	angiogenesis,	epithelialization,	granulation,	tissue	formation	and	collagen	deposition.1,25	Angiogenesis	begins	in	the	inflammatory	stage	and	continues	during	the	proliferative	phase	to	increase	vascularization	to	the	wound	site	to	carry	nutrients	to	the	immature	matrix.1,10,25	Fibroblasts	proliferate	and	synthesize	collagen	and	fibronectin,	and	deposit	it	into	the	immature	matrix.	Collagen	is	strengthened	through	cross-linking	and	replaces	the	immature	matrix	with	a	collagen-fortified	extracellular	matrix.25	Metalloproteinases	and	plasminogen	activator	enzymes	break	down	the	existing	immature	matrix	as	new	matrix	is	formed.	Fibroblasts	are	also	involved	in	the	release	of	different	growth	factors	(FGF,	TGF-beta,	PDGF,	insulin-like	growth	factor	1	and	keratinocyte	growth	factor).25	These	growth	factors	feed	back	into	the	cycle	to	sustain	the	process	of	wound	healing	through	angiogenesis,	epithelialization,	granulation,	tissue	formation	and	collagen	deposition.			The	final	stage	of	wound	healing	is	referred	to	as	maturation	or	remodeling.1	Fibronectin	is	the	initial	material	of	the	extracellular	matrix	and	is	gradually	replaced	by	collagen	deposits.25	The	maturation	of	collagen	with	stabilization	into	the	extracellular	matrix	increases	the	stiffness	and	tensile	strength	of	the	wound	tissue.1,25	Myofibroblasts	begin	closing	the	wound	and	keratinocytes	migrate	from	wound	margins	and	divide	until	they	form	a	contiguous	epidermis,	a	process	called	epithelial	resurfacing.25	As	the	wound	continues	to	heal	over,	cellularity	and	vascularity	decrease	and	scar	tissue	forms.	The	closing	of	the	wound	and	formation	of	scar	tissue	signals	the	end	of	the	wound	healing	process.			Chronic,	or	non-healing	wounds	are	established	when	there	is	a	disruption	in	the	normal	phases	of	wound	healing.	These	disruptions	are	usually	caused	by	ischemia	or	bacterial	colonization	of	the	wound	and	results	in	a	prolonged	inflammatory	response.25	Shifts	in	growth	factors	and	inflammatory	cytokines	affect	the	formation	
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and	stabilization	of	the	extracellular	collagen	matrix.	The	continuous	recruitment	of	neutrophils	increases	the	levels	of	metalloproteinases,	which	increase	the	degradation	of	the	collagen	matrix	and	have	a	negative	effect	on	fibroblasts	and	endothelial	cell	function.10,25	Neutrophils	also	release	nitric	oxide,	which	increases	vasodilation,	but	in	higher	concentrations	can	also	be	transformed	into	reactive	oxygen	species,	contributing	to	the	prolonged	inflammatory	response.	Elevated	cytokines	and	proteases	inhibit	the	release	of	growth	factors,	important	in	the	wound	healing	process,	thus	delaying	epithelialization	and	decreasing	collagen	formation	in	the	wound.	28		
Treatment		Wound-healing	complications	are	a	significant	and	costly	burden	on	both	the	patient	and	the	healthcare	provider,	so	it	is	imperative	that	both	risk	and	injury	are	screened	for	and	identified	as	early	as	possible	in	the	course	of	treatment.	The	two	most	common	screeners	used	are	the	Braden	Scale	and	Pressure	Ulcer	Scale	for	Healing	(PUSH).			The	Braden	Scale	is	used	to	assess	whether	a	patient	is	at	risk	for	developing	a	pressure	injury	by	evaluating	the	severity	of	several	important	risk	factors	including	sensory	loss,	skin	moisture,	mobility,	friction	and	shear,	and	nutrition.22,27	The	nutrition	question	is	based	on	recent	changes	to	intake	that	may	indicate	malnourishment,	a	risk	factor	for	the	development	of	pressure	injuries.	If	a	patient	has	significant	decreased	intake,	they	may	be	deficient	in	key	micronutrients	related	to	skin	integrity	and	wound	healing.	
Nutrition		Usual	food	intake	patterns	
1.	Very	poor		Never	eats	a	complete	meal.	Eats	2	servings	or	less	of	protein	(meat	or	dairy	products)	per	day.	Takes	fluids	poorly.	Does	not	take	a	liquid	supplement.	OR		Has	no	oral	intake	and/or	has	been	maintained	on	
2.	Probably	inadequate		Rarely	eats	a	complete	meal	and	generally	eats	only	about	half	of	any	food	offered.	Protein	intake	includes	only	3	servings	of	meat	or	dairy	products	per	day.	
3.	Adequate		Eats	more	than	half	of	most	meals.	Eats	4	servings	of	protein	(meat	or	dairy	products)	per	day.	Occasionally	will	refuse	a	meal,	but	will	usually	take	a	supplement	
4.	Excellent		Eats	most	of	every	meal.	Never	refuses	a	meal.	Usually	eats	4	or	more	servings	of	meat	and	dairy	products.	Occasionally	eats	between	meals.	Does	not	require	supplementation.		
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	Each	factor	is	ranked	on	a	scale	1-4	and	all	scores	are	totaled.	The	highest	possible	score	on	the	Braden	Scale	(no	risk)	is	23	and	patients	with	a	score	of	18	or	less	are	considered	to	be	at	risk	for	skin	breakdown	and	pressure	injury	development.	Braden	Scale	assessments	should	be	done	on	a	regular	basis,	as	the	score	of	different	factors	may	change	depending	on	a	patient’s	health	status.			The	Pressure	Ulcer	Scale	for	Healing	(PUSH)	was	created	by	the	National	Pressure	Ulcer	Advisory	Panel	as	a	way	to	measure	the	changes	in	pressure	injuries	once	they	form.	The	scale	is	based	on	scores	derived	from	area	(measured	as	length	x	width),	exudate	amount	and	tissue	types.	Pressure	injuries	improvement	or	deterioration	can	be	tracked	using	the	PUSH	score	with	a	score	of	0	indicating	full	closure	and	a	maximum	score	of	17.	22	While	there	is	no	question	specifically	addressing	nutrition	in	the	PUSH,	the	amount	and	type	of	exudate	is	informative,	because	micronutrients,	specifically	zinc	and	copper,	are	lost	through	wound	exudate.	A	lab	test	needs	to	be	done	to	confirm	current	levels,	but	a	wound	with	a	large	area	and	lots	of	drainage	is	at	greater	risk	of	contributing	to	a	micronutrient	deficiency	and	impairing	the	ability	of	the	wound	to	heal.			
	
clear	liquids	or	IV	nutrition	for	more	than	5	days.		
Occasionally	will	take	a	dietary	supplement.	OR	Receives	less	than	optimum	amount	of	liquid	diet	or	tube	feeding.	
when	offered.	OR	Is	receiving	tube	feeding	or	total	parenteral	nutrition	that	meets	most	of	nutritional	needs.		
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	Once	identified	pressure	injury	treatment	involves	a	combination	of	regular	rotation,	to	avoid	prolonged	pressure	to	the	area	with	the	injury,	and	topical	creams	and	dressings	to	prevent	bacterial	contamination	with	regular	changing.16,22	In	severe	cases	when	bacterial	contamination	has	resulted	in	sepsis	or	widespread	infection,	the	use	of	antibiotics	may	be	indicated.	Wound	healing	may	involve	the	use	of	surgical	or	enzymatic	debridement	to	remove	necrotic	tissue	and	expose	the	wound	bed.	This	is	especially	important	in	a	pressure	injury	that	is	unstageable	because	of	the	presence	of	slough	or	eschar.1,22			Inadequate	dietary	intake	and	poor	nutritional	status	have	been	identified	as	risk	factors	in	the	development	of	pressure	injuries	and	delayed	wound	healing.1,3,10,13,15,22,24,25,26	Malnutrition	is	a	condition	in	which	an	imbalance	of	energy,	protein,	and	other	nutrients	leads	to	adverse	effects	on	tissue	and	body	structures.	Risk	of	malnutrition	is	identified	through	the	Malnutrition	Screening	Tool	(MST).	The	MST	evaluates	risk	by	identifying	decreases	in	appetite	and	intake	as	well	as	perceived	weight	loss.	Malnutrition	is	assessed	through	a	combination	of	energy	intake,	weight	loss	and	a	nutrition-focused	physical	exam	that	looks	for	bilateral	muscle	and	fat	loss,	and	the	presence	of	edema.	Wounds,	such	as	pressure	injuries	increase	metabolic	needs,	resulting	in	an	increase	in	energy	and	protein	use.	Energy	goals	of	30	kcal/kg	for	an	individual	with	pressure	injuries	have	been	supported	by	a	systematic	review,	but	needs	could	increase	in	cases	of	malnourishment	and	infection.11			Protein	plays	a	critical	role	in	pressure	injury	healing	through	the	synthesis	of	enzymes,	collagen	and	cell	reproduction.	The	National	Pressure	Ulcer	Advisory	Panel	recommends	protein	intake	at	1.2-1.5	grams	per	kilogram	of	body	weight	per	day	for	patients	with	stage	I	or	II	pressure	injuries	and	1.5-2.0	grams	per	kilogram	of	body	weight	per	day	for	stage	II	or	IV.22	Crowe	et	al.	(2009)	found	that	individuals	with	higher	protein	intakes	of	1.8	grams	per	kilogram	of	body	weight	per	day	reflected	a	twofold	rate	of	healing	than	the	lower	protein	rate	of	1.2	grams	per	kilogram	of	body	weight	per	day	individuals.			
Micronutrients		Research	has	established	that	pressure	injury	treatment	increases	energy	and	protein	needs	to	optimize	wound	healing.	1,3,10,13,16,22,24,25,26	Many	nutritional	supplements	exist	to	accommodate	increased	energy	and	protein	needs	in	the	absence	of	increased	intake	of	food,	however	the	focus	has	shifted	in	the	past	decade	to	establishing	the	role	of	micronutrients	in	wound	healing.	The	major	
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micronutrients	involved	in	wound	healing	include	the	amino	acids	arginine	and	glutamine,	vitamins	A	and	C,	the	minerals	zinc	and	copper,	and	the	metabolite	B-hydroxy-B-methylbutyrate	(HMB).1,11,24,29			Arginine	is	a	conditionally	essential	amino	acid	during	times	of	physiological	stress	in	the	body	accompanied	by	an	inflammatory	response.1	Arginine	affects	wound	healing	in	two	distinct	pathways;	through	the	increased	production	of	nitric	oxide	(NO)	and	conversion	to	ornithine	as	part	of	the	urea	cycle.1,14,21	Arginine	is	a	donor	of	NO,	which	is	responsible	for	increasing	blood	flow	to	the	wound	area	through	vasodilation	in	addition	to	possessing	anti-microbial	properties.2,21	In	high	levels,	arginine	stimulates	transforming	growth	factor-beta,	which	regulates	macrophage-driven	production	of	NO	in	a	negative	feedback	loop.2	TGF-beta	additionally	is	thought	to	stimulate	the	arginase	pathway	and	increase	production	of	collagen.2	Arginase	1	and	2	metabolize	arginine	to	ornithine,	which	is	then	further	metabolized	into	polyamines,	necessary	for	cellular	growth	and	repair	of	damaged	tissue	in	the	wound	area.2	Collagen	deposition	and	enhanced	wound	strength	are	also	positively	affected	by	increased	ornithine	levels.2,14			Glutamine,	like	arginine,	is	a	conditionally	essential	amino	acid.1	Glutamine	plays	a	central	role	in	many	metabolic	processes	including	the	synthesis	of	glutathione,	the	transport	of	nitrogen	between	organs	and	muscle	protein	synthesis.1,8,14	Related	to	wound	healing,	glutamine	serves	as	a	fuel	source	for	fibroblasts	and	epithelial	cells	such	as	enterocytes	and	colonocytes.8	A	constant	source	of	glutamine	as	fuel	to	epithelial	cells	protects	the	integrity	of	intestinal	brush	border	to	maintain	its	function	as	both	a	barrier	to	pathogens	and	absorptive	surface	for	nutrients.1	Fibroblasts	synthesize	collagen	and	fibronectin	and	deposit	them	to	form	the	extracellular	matrix	during	wound	healing.25	During	times	of	stress,	glutamine	blood	levels	can	be	depleted	as	it	is	used	for	the	increased	nitrogen	turnover	resulting	from	catabolism,	so	the	muscle	produces	more	to	maintain	blood	levels.1	Supplementing	with	glutamine	is	thought	to	assist	in	maintaining	blood	levels	without	increased	muscle	protein	breakdown.1,14			B-hydroxy-B-methylbutyrate	(HMB),	a	metabolite	of	the	essential	amino	acid	leucine,	attenuates	muscle	proteolysis	during	strenuous	exercise	or	intense	metabolic	stress	such	as	cancer	and	AIDS-driven	cachexia.1	HMB	acts	through	inhibition	of	the	activation	of	nuclear	factor	kappa-light-chain-enhancer	of	activated	beta	cells	(NFkB),	which	prevents	proteasome	up-regulation	and	thus	protein	degradation.1	The	theory	with	HMB	and	wound	healing,	is	based	on	the	known	association	between	HMB	and	decreased	muscle	proteolysis.8	Protein	malnutrition	
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will	delay	wound	healing	through	deficiency	of	available	protein	and	impaired	mobility	through	muscle	wasting.			Zinc	is	a	mineral	and	an	important	cofactor	for	many	enzyme	systems	independent	of	wound	healing	in	the	body.	Zinc	is	most	important	during	the	inflammatory	phase	of	wound	healing	due	to	its	role	in	neutrophil	and	macrophage	cell	proliferation	and	antioxidant	defense.1,18,20	Zinc	is	a	cofactor	for	the	zinc	copper	superoxide	dismutase	enzyme,	which	is	a	potent	antioxidant	that	neutralizes	free	radicals	during	inflammation.	During	the	proliferation	phase	zinc	plays	a	role	in	healing	as	a	component	of	enzyme	systems	necessary	for	fibroblast	synthesis.18,20	Fibroblasts	are	responsible	for	synthesizing	collagen,	which	lays	down	the	scaffolding	for	tissue	granulation,	so	a	zinc	deficiency	would	result	is	poor	granulation	and	delayed	wound	closure.	Zinc	is	also	a	cofactor	for	metalloproteinases,	a	group	of	enzymes	that	break	down	the	older	collagen	matrix	to	make	room	for	new	collagen	and	granulation.18,20,25	A	deficiency	of	zinc	would	result	in	fewer	functional	metalloproteinases	and	less	collagen	turnover	decreasing	the	tensile	strength	of	the	wound	and	increasing	the	risk	of	skin	breakdown	in	the	future.	Despite	the	documented	role	of	zinc	in	wound	healing,	supplementation	is	only	recommended	in	cases	of	serum	deficiency	defined	as	less	than	0.6	mcg/mL.18	Serum	deficiency	can	occur	during	physiological	stress	(trauma,	wounds,	sepsis)	because	of	zinc	loss	through	the	wound	exudate	and	decreased	hepatic	albumin	production.18	Albumin	binds	and	transports	both	zinc	and	copper	throughout	the	body.	Copper	is	also	essential	for	collagen	cross-linking,	and	over	supplementation	with	zinc	can	cause	deficiencies	due	to	competitive	absorption	in	the	small	intestine	as	well	as	competitive	binding	to	albumin	for	transport.			Vitamin	C	is	a	water-soluble	vitamin	essential	for	many	metabolic	processes	including	wound	healing.		As	an	antioxidant,	it	works	to	decrease	free	radical	activity	at	the	wound	site	and	supports	immune	function	through	increased	neutrophil	activity.1	As	a	cofactor	for	hydroxylase	enzymes,	it	assists	the	hydroxylation	of	proline	and	lysine,	which	allows	cross-linking	for	the	formation	of	the	collagen	triple	helix.1	If	vitamin	C	is	deficient,	cross-linking	is	diminished	and	the	tensile	strength	of	the	collagen	in	the	wound	area	decreases.12,23	A	vitamin	C	deficiency	leads	to	a	disorder	called	Scurvy	with	defects	in	collagen	formation	leading	to	impaired	wound	healing,	edema,	hemorrhaging	and	weakening	of	bone,	cartilage	and	teeth.	Supplementation	is	crucial	when	a	deficiency	is	identified,	and	because	vitamin	C	is	readily	excreted	from	the	body,	toxicity	is	rarely	an	issue.			Vitamin	A	is	a	fat-soluble	vitamin	crucial	in	cell	differentiation	and	proliferation	through	nutrient-gene	interaction.1	Vitamin	A	is	metabolized	in	the	body	to	retinoic	
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acid,	which	binds	to	receptors	in	the	nucleus	that	regulate	the	transcription	of	over	500	different	genes.	In	the	inflammatory	stage,	through	transcriptional	regulation,	Vitamin	A	helps	increase	the	number	of	differentiated	macrophages	and	monocytes	in	the	wound	area.9	During	the	proliferation	stage	of	wound	healing,	it	helps	stimulate	differentiation	of	fibroblast	to	form	collagen.9	After	the	extracellular	matrix	has	been	established	and	granulation	has	begun,	Vitamin	A	helps	to	maintains	mucosal	and	epithelial	surfaces	to	prevent	re-injury	of	the	wound.1,9	Because	Vitamin	A	is	stored	in	the	liver,	true	deficiency	is	rare	and	toxicity	can	be	an	issue	with	high	doses	of	supplementation.	Vitamin	A	is	used	less	frequently	in	supplement	formulas	currently.			
Review	of	literature		10	studies,	2	literature	reviews	and	2	systematic	reviews/meta-analysis	were	included	in	this	review	with	outcomes	focused	on	indicators	of	pressure	injury	healing.	All	of	the	included	studies	were	published	between	1995	and	2016.	Almost	all	studies	focused	on	interventions	with	a	nutritional	supplement	that	contained	multiple	micronutrients,	while	one	study,	focused	solely	on	the	effects	of	ascorbic	acid	and	one	on	the	amino	acid	arginine.	The	study	sizes	varied	from	16	to	245	participants	and	were	conducted	in	long-term	care,	hospital	and	home	care	settings.		The	following	table	summarizes	the	findings	of	the	included	studies.			Study	first	author	and	year	
Study	type	 Population	 Intervention	 Conclusions	
Ter	Riet		[22]		1995	
RCT	 88	patients	from	11	nursing	homes	and	1	hospital	
Treatment	group	received	500	mg	or	ascorbic	acid	twice	per	day.	Control	group	received	10	mg	of	ascorbic	acid	twice	per	day.	Intervention	time:	12	weeks	
Mean	absolute	healing	rates	and	healing	velocities	did	not	differ	significantly	between	the	group	supplemented	with	ascorbic	acid	and	the	control	group.	Benati	[6]		2001	
RCT	 36	cognitively	impaired	inpatient	older	adults	age	72-91	years	
Treatment	A:	normal	hospital	diet	Treatment	B:	Normal	hospital	diet	plus	
Patients	who	received	a	supplement	with	increased	protein,	arginine,	Zn	and	antioxidants	
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supplementation	with	200	mL	of	high	protein	and	calorie	(500	kcal	and	37	g	protein)	twice	per	day	Treatment	C:	Normal	hospital	diet	plus	supplementation	with	200	mL	of	high	protein	and	calorie	(500	kcal	and	37	g	protein)	twice	per	day	plus	7.5	g/day	of	arginine,	25	mg	Zn	and	antioxidants		Intervention	time:	2	weeks	
showed	greater	pressure	injury	healing	after	two	weeks	than	the	control	as	measured	by	PSST	scores.	
Williams	[28]		2002	
RCT	 35	healthy,	nonsmoking	adults	over	70	years	of	age	
Control	group:	Isonitogenous,	isocaloric	supplementation	of	nonessential	amino	acids	Treatment	group:	supplementation	of	14	g	arginine,	3	grams	HMB,	14	g	glutamine	(total	nitrogen	3.49	g)	twice	per	day	Intervention	time:	2	weeks	
Supplementation	with	specialized	amino	acid	mixture	led	to	a	significant	rise	in	plasma	arginine	and	ornithine	levels,	which	increase	collagen	deposition.	Collagen	synthesis	is	significantly	enhanced	in	healthy	elderly	volunteers	by	the	oral	administration	of	a	mixture	of	arginine,	glutamine	and	HMB.	Desneves	[11]		2005	
RCT	 16	inpatients	ages	37-92	years	of	age	with	stages	2,3	or	4	pressure	injuries	
Control	group:	standard	hospital	diet		Treatment	group	A:	standard	hospital	diet	plus	two	high	protein	
Improved	rate	of	pressure	injury	healing	over	3	weeks	when	supplemental	arginine,	vitamin	C	and	zinc	is	added	to	
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and	energy	supplements	daily	Treatment	group	B:	standard	hospital	diet	plus	two	high	protein	and	energy	supplements	containing	arginine	(9	g),	vitamin	C	(500	mg)	and	Zn	(30	mg)	daily	Intervention	time:	3	weeks	
the	diet	of	aged	care	and	spinal	patients	as	measured	by	improved	PUSH	scores.	
Heyman	[14]		2008	
CT	 245	patients	with	grade	2-4	pressure	injuries	in	61	long-term	care	facilities	
Average	intake	of	ONS	was	2.3	servings	per	day	(46	g	protein,	6.9	g	arginine,	575	mg	Vitamin	C,	87	mg	Vitamin	E,	and	21	mg	Zn	Intervention	time:	9	weeks.	
A	high	protein	oral	nutritional	supplement	enriched	with	arginine,	vitamin	C,	vitamin	E,	and	zinc	when	used	with	standard	pressure	injury	care,	significantly	reduced	the	mean	area	of	a	pressure	injury	of	long-term	nursing	home	residents.	Van	Anholt	[3]		2010	
RCT	 43	non-malnourished	subjects	with	stages	3	or	4	pressure	injuries	from	8	health	centers,	hospitals	and	long-term	care	facilities		
Control	group:	non-caloric	control	supplement	3	times	per	day	Treatment	group:	ONS	containing	250	kcal,	20	g	protein,	3	g	arginine,	238	g	vitamin	A,	250	mg	vitamin	C,	38	g	vitamin	E,	1.5	mg	carotenoids,	9	mg	Zn,	64	ug	Se,	1.35	
Supplementation	with	the	specific	oral	nutritional	supplement	(arginine,	antioxidants,	Vitamin	A,	Zn,	Cu,	and	Se)	accelerated	pressure	injury	healing	indicated	by	a	significantly	different	decrease	in	injury	size	compared	with	the	control	over	the	
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mg	Cu	and	200	ug	folic	acid	Intervention	time:	8	weeks		
period	of	8	weeks.	Decrease	in	severity	score	(PUSH)	in	the	supplemented	group	differed	significantly	from	the	control.	Significantly	fewer	dressings	were	required	per	week	in	the	ONS	group	compared	with	the	control	group.	Bauer	[4]	 Pragmatic	randomized	study	 24	patients	with	chronic	wounds	(diabetic	or	venous	ulcers	and	pressure	injuries)	
Control	group:	standard	ONS	with	9	g	protein,	250	kcal	twice	per	day	Treatment	group:	open	label	wound	ONS	with	10.5	g	protein,	250	kcal,	4.5	g	arginine	twice	per	day	Intervention	time:	4	weeks	for	supplementation,	8	weeks	total	for	follow	up	
A	standard	oral	nutrition	supplement	may	be	more	effective	than	a	specialized	wound	supplement	in	the	clinical	setting	and	a	change	in	practice	to	a	wound-ONS	is	not	warranted.	
Wong	[29]		2014	
RCT	 23	inpatients	with	stages	2-4	pressure	injuries	in	an	acute	care	hospital		
Control	group:	placebo	ONS	with	7.9	g	carbohydrates	and	1.5	g	calcium	twice	per	day	Treatment	group:	ONS	with	7.9	g	carbohydrate,	1.5	g	calcium,	7	g	glutamine,	7	g	arginine,	1.2	g	HMB,	and	79	kcal	Intervention	time:	2	weeks		
The	use	of	specialized	amino	acid	mixture	(Arginine,	Glutamine,	HMB)	does	not	appear	to	reduce	wound	size	and	PUSH	scores	but	may	improve	tissue	viability	after	2	weeks.	
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Bozkirh	[8]		2014	
RCT	 12	rats	with	prepared	2	cm	x	1	cm	full-thickness	skin	defects	
Control	group:	regular	diet	with	1.2	g	protein	per	100	g	body	weight	per	day	Treatment	group:	regular	diet	with	1.2	g	protein	per	100	g	body	weight	plus	200	mg/kg	arginine,	200	mg/kg	glutamine,	and	40	mg/kg	HMB	per	day		Intervention	time:	10	days	
The	supplement	(arginine,	glutamine	and	HMB)	did	not	increase	the	rate	of	wound	contraction	in	the	experimental	model.	No	statistically	significant	difference	in	hydroxyproline	concentrations	of	wound	tissues	or	in	the	histological	healing	parameters	of	wound	healing.	Cereda	[9]		2015	
RCT	 200	malnourished	adults	with	stage	2-4	pressure	injuries	in	long-term	care	or	receiving	home	health	care	
Control	group:	isocaloric,	isonitrogenous	ONS	with	127	kcal	and	10	g	protein	per	100	mL	Treatment	group:	ONS	with	125	kcal	and	10	g	protein	per	100	mL	plus	1.5	g	arginine,	4.5	mg	Zn,	1.3	mg	Mn,	19	mg	vitamin	E,	and	125	mg	vitamin	C	per	100	mL	Both	groups	received	400	mL	of	the	ONS	per	day	Intervention	time:	8	weeks	
Among	malnourished	patients	with	pressure	injuries,	8	weeks	of	supplementation	with	an	oral	nutrition	supplement	enriched	with	arginine,	zinc,	and	antioxidants	improved	wound	healing	as	measured	through	reduction	in	pressure	injury	area.	
	Stratton	R,	et	al.	(2004)	conducted	a	systematic	review	and	meta-analysis	with	15	studies	(8	RCT’s)	total;	4	RCTs	comparing	oral	nutritional	supplements	and	1	RCT	comparing	enteral	nutrition	formulas	with	routine	care.	The	results	of	the	meta-analysis	showed	that	oral	nutrition	support	(250-500	kcal,	2-26	weeks)	were	associated	with	a	significantly	lower	incidence	of	pressure	injury	development	in	at-risk	patients	compared	to	routine	care.	In	pressure	injury	treatment,	while	individual	studies	showed	a	trend	towards	improved	healing	of	existing	pressure	
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injuries	with	disease-specific	versus	standard	formulas,	there	was	insufficient	comparable	data	to	allow	meta-analysis	on	outcomes	related	to	healing	of	existing	pressure	injuries.	The	only	outcome	that	was	meta-analysable	was	the	incidence	of	pressure	injuries.			The	most	recent	review	was	conducted	by	Neyens	J.C.L	et	al.	(2016).		7	randomized	control	trials	(RCT)	and	4	clinical	trials	(CT)	conducted	in	different	settings	(hospital,	long-term	care,	and	home	care)	with	duration	of	follow-up	from	the	studies	varied	from	2	weeks	to	complete	healing	and	sample	sizes	16-245	participants.	10	out	of	11	studies	showed	a	beneficial	effect	of	the	arginine-enriched	oral	nutrition	supplement	on	the	healing	of	pressure	injury.	This	review	showed	that	there	is	substantial	evidence	supporting	the	positive	effects	of	nutritional	supplementation	with	additional	protein,	arginine	and	micronutrients	to	promote	pressure	injury	healing.	There	is,	however,	only	1	large	study	currently	(N=200)	with	level	one	evidence.	Ultimately,	malnutrition	in	patients	must	be	addressed	first	to	evaluate	the	direct	effect	of	a	specific	supplement	on	wound	healing.		
	Ellinger	S.	(2013)	conducted	a	review	evaluating	commercially	available	supplements	rich	in	protein,	ascorbic	acid,	zinc	and	arginine.	The	results	of	the	review	show	that	these	supplements	are	efficient	tools	for	pressure	injury	healing,	but	their	efficacy	for	prevention	is	unclear.	Optimal	composition	with	regard	to	individual	dose	of	components	has	to	be	determined	in	future	studies.		
	In	the	largest	review	published	on	the	role	of	nutritional	supplements	and	wound	healing,	Langer	G	&	Fink	A.	(2014)	conducted	a	systematic	review	and	meta-analysis	using	23	RCTs	and	11	CTs.		The	review	compared	a	combination	of	nutritional	supplements,	consisting	of	a	minimum	of	energy	and	protein	in	different	doses,	for	the	prevention	of	pressure	injuries.	A	meta-analysis	of	8	trials	that	compared	the	effects	of	mixed	nutritional	supplements	with	standard	hospital	diet	found	no	clear	evidence	of	an	effect	of	supplementation	on	pressure	injury	development.	14	trials	evaluated	the	effects	of	nutritional	supplements	on	the	healing	of	existing	pressure	injury:	7	trials	examined	mixed	nutritional	supplements,	3	the	effects	of	proteins,	2	trials	examined	zinc,	and	2	studies	examined	ascorbic	acid.	These	14	trials	were	heterogeneous	with	regard	to	participants,	interventions,	comparisons	and	outcomes	so	a	meta-analysis	could	not	be	done.	The	ultimate	conclusion	from	the	Cochrane	review	is	that	there	is	currently	no	clear	evidence	of	a	benefit	associated	with	nutritional	interventions	for	either	the	prevention	or	treatment	of	pressure	injuries.				
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Discussion	
	
Limitations		While	many	of	the	individual	studies	show	promising	results,	significant	limitations	exist	that	make	coming	to	a	consensus	on	the	role	of	micronutrient	supplementation	in	the	treatment	of	pressure	injuries	difficult.	Many	studies	exclude	potential	participants	with	comorbidities	that	could	affect	the	wound	healing	process,	so	sample	sizes	are	low	and	the	results	are	statistically	underpowered.	Study	periods	varied	between	2	and	8	weeks	with	the	longest	study	concluding	at	12	weeks.	This	poses	a	challenge	with	evaluating	efficacy	of	supplementation	because	the	normal	time	frame	for	complete	pressure	injury	healing	can	be	greater	than	8	weeks	with	stage	III	and	IV.	It	is	possible	that	studies	may	have	seen	a	greater	divergence	in	efficacy	of	supplementation	over	a	control	diet	after	2	weeks.	And	while	many	studies	used	a	supplement	that	included	arginine	and	antioxidants,	the	composition	and	amounts	of	those	and	other	included	ingredients	varied,	making	it	difficult	to	set	recommended	doses.			
Implications	for	practice		Wound-specific	oral	supplementation	was	initially	created	based	on	the	identified	roles	of	micronutrients	in	wound	healing,	but	the	resulting	research	has	been	inconclusive	and	made	uniform	recommendations	difficult.	What	is	clear	is	that	energy	and	protein	malnutrition	must	first	be	addressed	in	patients	with	pressure	injuries	to	optimize	the	use	of	micronutrient	supplementation.	While	many	studies	contain	significant	limitations,	the	overall	results	of	supplementation	show	promise	in	the	treatment	of	pressure	injuries,	especially	in	the	setting	of	existing	malnutrition	and	likely	deficiency.	Individual	nutrients	show	less	positive	outcomes	related	to	healing	over	combination	formulas	like	Juven®	(arginine,	glutamine	and	HMB).	The	average	grams	of	arginine	in	the	studies	previously	discussed,	was	7	grams,	but	positive	results	were	documented	in	doses	as	low	as	1.5	grams.	Wound	healing	supplements	contain	between	3	and	7	grams	of	arginine	per	serving,	so	one	serving	of	the	supplement	per	day	is	sufficient.	Because	of	the	presence	of	zinc	in	many	formulations,	additional	zinc	supplementation	should	be	avoided	to	prevent	issues	with	toxicity.	Pressure	injuries	are	associated	with	many	negative	health	outcomes	that	can	prolong	immobility,	compromise	nutrition	and	contribute	to	morbidity	and	mortality.	The	drawbacks	to	supplementation	are	minimal	and	far	outweighed	by	the	positive	effects.				
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Recommendations	for	future	research		It	is	clear	from	looking	at	the	body	of	evidence	already	in	existence	that	conclusions	about	the	role	of	micronutrient	supplementation	and	pressure	injuries	are	split.	While	the	number	of	studies	has	increased	in	the	recent	decade,	they	vary	in	key	aspects,	such	as	the	composition	of	the	supplements	being	tested,	the	outcome	parameters	and	the	makeup	of	the	subjects.	As	the	Cochrane	review	demonstrated,	this	makes	it	very	difficult	to	pool	data	and	conduct	a	meta-analysis	to	make	universal	recommendations	for	practitioners.	Future	research	needs	to	focus	on	large-scale	studies	with	more	participants.	Many	studies	excluded	potential	participants	with	conditions	that	may	compromise	the	wound	healing	process,	such	as	type	II	diabetes	mellitus	or	hypertension,	but	in	practice	this	is	less	realistic	and	research	should	be	more	inclusive	of	comorbidities.	Additionally,	supplementation	and	follow-up	periods	should	be	increased	to	match	the	predicted	time	frame	of	pressure	injury	healing	as	well	as	assessing	for	the	risk	of	further	skin	breakdown	after	supplementation	has	ended.		
Conclusion		Pressure	injuries	affect	more	than	2.5	million	individuals	each	year	and	cost	between	9	and	11	billion	dollars	to	treat.	In	addition	to	risk	factors	that	affect	the	integrity	of	the	skin	(friction,	moisture,	increased	age),	compromised	nutritional	status	plays	a	significant	role	in	the	development	of	a	pressure	injury	and	the	patient’s	ability	to	heal.	A	diet	must	first	be	sufficient	in	energy	and	protein	to	prevent	further	breakdown.	The	pathways	that	demonstrate	the	involvement	of	micronutrients	such	as	the	amino	acids	arginine,	glutamine	and	HMB,	vitamins	A	and	C,	and	zinc	in	wound	healing	have	been	established,	but	quantifying	their	effects	via	supplementation	have	reached	mixed	conclusions.	Many	individual	studies	show	promising	results,	but	contain	limitations	such	as	sample	size	and	different	treatment	doses	which	make	it	difficult	to	reach	a	consensus	for	universal	recommendations.	However,	the	drawbacks	to	supplementation	are	minimal	and	are	far	outweighed	by	the	benefits,	which	is	why	many	companies	have	continued	to	develop	products	and	they	are	being	used	more	frequently	in	practice.										
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